vary annually. Variation in the western part of the NPSH strongly influences the summer climate in East Asia. The NPSH often shifts in meridional direction, and numerous studies have examined how convection over the western Pacific warm pool influences the poleward shift of the NPSH. Nitta (1987) investigated interannual and intraseasonal variation in convective activity in the tropical western Pacific during northern summer. He noted that when sea surface temperatures (SSTs) in the tropical western Pacific are warmer than normal, regions of active convection shift northeastward. Rossby waves that are generated by tropical heat sources over the warm pool propagate from the low latitudes to the extra-tropics. The Rossby waves then lead to high-pressure anomalies over Japan, greatly suppressing cloud cover over the mid-latitudes. Nitta (1987) called this pattern the Pacific-Japan (PJ) pattern. Kawamura et al. (1996) demonstrated that when the 45-day convective activity is strongest near the Philippines, the barotropic Madden-Julian Oscillation (MJO) component acts as an origin of barotropic Rossby waves. Kawamura and Ogasawara (2006) noted that heat sources associated with typhoons could also contribute to the PJ pattern. Focusing on the meridional shift of convection over the western Pacific, Ueda et al. (1995) used European Center for Medium-range Weather Forecasts (ECMWF) reanalysis data and satellite infrared blackbody temperature (TBB) data to reveal an abrupt and occasional northward shift of large-scale convective activity over the western Pacific around 20°N, 150°E in late July. Hattori et al. (2005) studied the interannual variation in seasonal precipitation changes in the western North Pacific from June to August, based on the meridional shift of intense precipitation to the east of the Philippines.
In reality, the NPSH shifts in zonal, as well as meridional, direction. However, relatively few studies have investigated the zonal shift of the NPSH. Focusing on the east-west variation in the NPSH, Lu (2001) examined reanalysis data from the National Centers for Environmental Prediction/ National Center for Atmospheric Research (NCEP/ NCAR) and showed that the NPSH varied most in its western extent, both on seasonal and interannual timescales. He defined an NPSH index as the June-July-August (JJA) mean geopotential height (hereafter referred to as Z) anomalies at 850 hPa averaged over the western edge (110-150°E, 10 -30°N) of the NPSH. A positive index indicated westward extension, whereas a negative index indicated eastward retreat of the NPSH. Composite analysis based on this index indicated a significant relationship between zonal displacement of the NPSH and the intensity of convection over the warm pool. When convection was weaker (stronger) over the warm pool, the NPSH extended westward (retreated eastward). Lu (2001) also analyzed the relationship between the NPSH index and seasonal evolution of the NPSH. The NPSH showed no appreciable seasonal evolution during summers with positive indexes, but had an obvious seasonal eastward contraction after pentad 40 (15-19 July) with negative indexes. Lu (2001) suggested that interannual variation in the NPSH is more related to seasonal evolution after pentad 40. Lu (2001) defined his NPSH index from the JJAmean state using data with a horizontal resolution of 2.5° and a time resolution of 5 days. However, in reality, the time-space variation in the NPSH differs among the months of June, July, and August. In addition, distinct submonthly variation on relatively small time-space scales such as meso-α-scale disturbances associated with the Baiu front and typhoons in the western Pacific can also interact with the NPSH. Therefore, for a clearer understanding of the NPSH and its characteristics, data with higher spatial and temporal resolutions are needed. Furthermore, recent studies have indicated that Rossby wave propagation also influences the shape of the western NPSH (e.g., Enomoto et al. 2003; Wakabayashi and Kawamura 2004) . These characteristics were not studied by Lu (2001) . Kawatani and Takahashi (2003) attempted to simulate the Baiu front using an atmospheric general circulation model (AGCM) with T106L60 resolution (horizontal and vertical resolutions of approximately 110 km and 550 m, respectively). Climatological SSTs and realistic topography were incorporated as the boundary condition. For June, the model produced good simulations of the Baiu front characteristics from meso-α-scale disturbances to large-scale circulations such as monsoon westerlies and circulation around the NPSH. However, the Baiu frontal zone was not well simulated for July because the shape of the simulated NPSH differed greatly from that of the climatological NPSH in the real atmosphere. Kawatani and Takahashi (2003) conducted other experiments using a different cumulus parameterization, but the Baiu front was still not well simulated in July. Because their study involved only 2 years of integrated pe-riods, Kawatani and Takahashi (2003) could not investigate interannual variability. Although the simulated NPSH was not similar to the climatological NPSH, their simulated NPSH may actually occur under certain real atmospheric conditions. In other words, rather than reproducing climatological features, models may simulate a certain "mode" of the real atmosphere. Therefore, much more information on the real atmosphere is needed to confirm this suggestion and how it may apply to individual models.
Some studies have described the general characteristics of the NPSH (cf. Chen et al. 2004 and references therein). Chen et al. (2004) investigated the climatology of variation in monsoon rainfall and explored the cause of that variation, particularly through the relationship between the seasonal evolution of the monsoon and the associated synoptic disturbance activity. They then showed the characteristics of the seasonal march of precipitation in Taiwan, South China, Korea, and Japan in relation to the seasonal variation in the climatological NPSH, monsoon trough, and typhoon activities. Nakazawa (2007) investigated the relationship between large-scale seasonal (June-October) circulation over the western North Pacific and the frequency of tropical cyclone approach or landfall on Japan using ECMWF 40-year reanalysis (ERA-40) data (Uppala et al. 2005) and Japanese 25-year Reanalysis (JRA-25) data (Onogi et al. 2007 ). They indicated that in years when the NPSH extends westward, the frequency of tropical cyclone approach/landfall on Japan tends to be reduced, while there is a tendency to have more number of tropical cyclones approach or landfall on Japan in years when the NPSH retreats eastward.
However, reports describing the characteristics of the NPSH and its variability separately for June, July, and August are still lacking. Thus, we investigated the mean state and interannual and submonthly variability of the NPSH and characterized its westward extension and eastward retreat separately for June, July, and August using composite analysis. The surroundings and activity of the NPSH should be interrelated. Therefore, we also describe surrounding features, from large-scale circulation to meso-α-scale disturbances in composite fields. To analyze phenomena over broad temporal and spatial scales, we used ERA-40 data with high horizontal and temporal resolution (approximately 110 km and 6 h, respectively). In this respect, our work may in part be an extension of Lu (2001) .
The basic characteristics reported here should be useful for regional climate research in Asia and for improving climate models that simulate the NPSH.
In Section 2, we describe the data and definition of variability; in Section 3, we characterize the interannual and submonthly variability of the NPSH in June, July, and August. In Section 4, we present the results of composite analyses of the interannual and submonthly variability of the NPSH and the propagation of stationary Rossby waves. The conclusion and discussion are presented in Section 5. The western part of the NPSH is sometimes referred to as the Bonin (Ogasawara) high. Here, we simply refer to this area as the western part of the NPSH.
Data and definition of variability
We used the following data for the period from 1979 to 2001: ERA-40 data having a horizontal resolution of T106 (1.125° longitude-latitude grid mesh) and 23 vertical layers from 1000 to 1 hPa; Climate Prediction Center (CPC) Merged Analysis of Precipitation (CMAP; Xie and Arkin 1996) data with a horizontal resolution of 2.5°; and typhoon best-track data provided by the Regional Specialized Meteorological Center (RSMC), TokyoTyphoon Center, Japan Meteorological Agency (JMA). Analyses of interannual and submonthly variability involved monthly mean data and 6-hourly sampled data from ERA-40, respectively.
To evaluate interannual variability, we calculated year-to-year standard deviations during 1979 to 2001 using monthly mean data for each month. The formula for the standard deviation is
, where Z and Z clim denote monthly mean and climatological mean (23-year average; N = 23) values.
Submonthly variability was calculated as follows: 6-hourly sampled ′ Z values were obtained after subtracting the monthly trend. The monthly mean variance of ′ Z (≡ ′ Z 2 , the overbar denotes the monthly mean) was calculated using 120 values for June and 124 values for July and August; the square of the variance ( ′ Z 2 ) was then calculated for each year. We refer to ′ Z 2 as submonthly variability. The 23 values of submonthly variability for each month from 1979 to 2001 were averaged to obtain the climatological distribution of submonthly variability. Because 6-hourly data were used and the monthly trend was eliminated, disturbances with periods ranging from approximately 12 hours to 1 month were included in the submonthly variability.
Interannual and submonthly variability
of the NPSH in June, July, and August
Interannual variability
Researchers have often used Z at 850 hPa to investigate characteristics of the NPSH (e.g., Lu 2001) . The contour lines (1500 m) in Figs. 1a, c, e show Z at 850 hPa in June, July, and August during the 23 years from 1979 to 2001. The contour line distribution roughly represents the interannual variability of the rim of the NPSH. The southern parts of the NPSH to the east of ~170°E are relatively stable for all three months. In contrast, the western parts show remarkable differences. Concentration of the contour lines is most obvious in June, indicating that NPSH stability was greatest in this month. Although the western rim of the NPSH along 20°N fluctuates zonally over 110°-140°E, most of the contour lines are concentrated from 120°E to 130°E. In July, the NPSH shows remarkable zonal variability around 25°N. The contour spread is widest in August. The gradual northward shift of the NPSH from June to August and the differences in its interannual variability in June, July, and August are clearly illustrated.
Lower tropospheric fluctuations in the western part of the NPSH may be related to upper tropospheric fluctuations in the eastern part of the Tibetan high (e.g., Enomoto et al. 2003) . For the 10980-m contour lines of Z at 250 hPa (Figs. 1b, d , f), most lines roughly correspond to the rim of the Tibetan high, excluding some lines from the midto eastern Pacific area. Concentrations of lines occur at the northern and southern parts of the Tibetan high. The contour lines along the northern parts of the Tibetan high move northward from June to July and August, whereas the contour lines along the southern part of the Tibetan high remain at approximately 15°-20°N. There is a sharp tip to the shape of the eastern Tibetan high in June. The meridional range of the contour lines expands in July. The variability of the eastern Tibetan high is greatest in August. In some years, contour lines elongate northeastward and cover western Japan; in other years, the lines spread toward the midPacific into the low latitudes. Different interannual patterns of the Tibetan high in June, July, and August are also clearly illustrated, like those observed for the NPSH at 850 hPa. Figure 2 illustrates the climatological distribution and interannual variability (year-to-year standard deviation as mentioned in Section 2) in Z at 850 hPa. The thick, solid lines in Fig. 2 indicate the ridge of the climatological NPSH. The box represents the area that defines the NPSH index explained in the next section. Figure 3 is the same as Fig. 2 , but for precipitation. Shading represents the climatological means, and contour lines show the standard deviation. In June, the ridge of the climatological NPSH stretches from east-northeast to west-southwest, with large interannual variability extending along the northwestern rim of the climatological NPSH (Fig. 2a) . Among the three months, the meridional width of the variability in The variability becomes larger from the mid-to high latitudes along the northwestern rim of the NPSH. The climatological heavy precipitation zone (i.e., the Baiu front) is clearly elongated along the northwestern rim of the climatological NPSH (Fig.  3a) . In contrast, precipitation to the east of ~140°E along ~20°N is small because of the westward extension of the stable NPSH. Interannual variability in the frontal zone corresponds well with that in Z at 850 hPa (Fig. 2a) . Around the frontal zone, precipitation amounts to 6-12 mm day -1 with a relatively small standard deviation of approximately 2-3 mm day -1 . Thus, in most years, the quasi-stationary Baiu frontal zone appears along the northwestern rim of the stable NPSH in June.
The ridge direction of the NPSH in July is similar to that in June (Fig. 2b) . However, large interannual variability appears within the western side of the climatological NPSH at approximately 125°-160°E, 17°-32°N. This variability is more isolated, rather than elongated along the northwestern rim of the NPSH as observed in June, and is located where the climatological horizontal winds change from southeasterly to southwesterly. These features indicate great zonal variation in the western part of the NPSH in this region. The climatological precipitation zone and interannual variation in precipitation also show wide zonal variation around ~20°N (Fig. 3b) . Precipitation varies within the western side of the climatological NPSH, and the climatological Baiu frontal zone becomes obscure in July.
The characteristics of the NPSH and precipitation in August (Figs. 2c, 3c) are quite different from those in June. The ridge of the climatological NPSH elongates from east to west-northwest, with large variability in the southwestern part of the climatological NPSH. The variability occurs between the ridge of the NPSH and the deep monsoon trough (the line showing the locations of minimum Z in the monsoon region) and is clearly isolated from that in the high latitudes. This variability has the widest range among the months of June, July, and August. A zone of large precipitation and variation extends toward 170°E from the equator to ~25°N (Fig. 3c) . The interannual variability of the NPSH and of precipitation around the western Pacific is largest in August and smallest in June. The precipitation zone around the warm pool extends both northward and eastward from June to August. In contrast, the strength of the interannual variation in the Intertropical Convergence Zone (ITCZ), which extends from the mid-to eastern Pacific, is nearly the same for all three months in relation to the almost stable NPSH there (see Figs. 1 and 2) . Kodama (1992) studied large-scale characteristics of the subtropical precipitation zone using global objective analysis data and reported that largescale features differ between the subtropical frontal zone and the ITCZ.
Submonthly variability
The differences in interannual variability among June, July, and August may relate to differences in submonthly variability. Figure 4 is the same as Fig.  2 , except that the contour lines show the climatological distribution of the submonthly variability of Z at 850 hPa. The solid lines indicate the axis of the strong submonthly variability. Large submonthly variability elongates along the northwestern rim of the NPSH in June and July. The Baiu frontal zone is known to consist of several meso-α-scale disturbances with periods of approximately one to several days (e.g., Ninomiya 2000) . Submonthly variability in southern Japan should include the activity of meso-α-scale disturbances, as well as synoptic-scale disturbances. Compared with June, July has smaller variability to the north and larger variability to the south of ~30°N in the western Pacific. In August, large variability extends along the northwestern rim of the NPSH, with separate large variability in the southwestern part of the NPSH. This separate variability is located between the west-northwestward ridge of the NPSH (see Fig. 2c ) and the monsoon trough. The characteristics of submonthly variability are relatively similar to those of interannual variability (see Fig.  2 ); namely, the variability extends along the northwestern rim of the NPSH from June to July, and isolated variability is located in the southwestern part of the NPSH in August. As with the interannual variability, the strength of the submonthly variability is weakest in June and strongest in August.
Composite analysis

Interannual variation in the NPSH
As described in the previous section, the climatology and interannual and submonthly variability of the NPSH vary among June, July, and August, particularly over the western part of the NPSH. Following Lu (2001), we examined the characteristics of the NPSH during its westward extension and eastward retreat in each month using the NPSH index. As mentioned in Section 1, Lu (2001) defined the NPSH index as JJA-mean anomaly of Z at 850 hPa averaged over the region 110°-150°E , 10°-30°N. We defined the NPSH index as the monthly mean anomaly of Z at 850 hPa averaged over the region 125°-150°E, 17°-32°N (the boxed area in Fig. 2 ), where interannual variability is commonly large for all three months. Figure 5 shows the NPSH index in June, July, and August from 1979 to 2001. The amplitude of variation is smallest in June and largest in August. Interestingly, negative years continue from 1981 to 1989 in June. Such a long sub-sequence of the same sign is not observed in July or August. Recently, Tomita et al. (2007) showed that the interdecadal climate shift that arose around 1990 in the North Pacific resulted in differences between the 1980s and 1990s in the large-scale circulation and Baiu frontal activity around Japan in June through changes in surface heat flux in the Kuroshio region. This interdecadal climate shift might reflect the long same-sign sub-sequence of the NPSH index from 1981 to 1989.
For composite studies, we selected the five most positive and five most negative years for each month. Because we used data from 1979, when sat- ellite data were available, we could select 10 years for the composite analysis, the same number used by Lu (2001) . Table 1 shows the selected years; years in bold italic (underlined) typeface correspond to El Niño (La Niña) years, based on the criteria for those events defined by the JMA. Values in parentheses represent the deviation from the reference climatological monthly mean. The JMA website provides further details (http://www.jma. go.jp/jma/index.html). For July, four positive and three negative years correspond to El Niño and La Niña years, respectively, whereas four positive years correspond to La Niña years in August. However, such features are not clear for June. Many studies have discussed the interannual variability of climate in the western Pacific in relation to the El Niño-Southern Oscillation (e.g., Wang et al. 2000 and references therein). However, the relations are not clearly visible in Table 1 and might depend on how the index is defined. Tomita et al. (2004) investigated the meridional fluctuations of the Baiu front on interannual timescales and the associated large-scale circulations and showed the existence of a biennial oscillation timescale. Fourier analysis of the NPSH index in Fig. 5 revealed spectrum peaks in 2-to 3-year components, dominating especially in July and August (not shown). There is a possibility that the variability is an outcome of the tropical biennial oscillation (TBO) dominating in the western North Pacific (cf. Chang et al. 2000 , Tomita et al. 2004 ). We used an index based on the interannual variability in the western part of the NPSH in northern summer because our focus was the difference in NPSH characteristics during its westward extension and eastward retreat in June, July, and August. Investigating the influences of El Niño/La Niña and the TBO on the interannual variation in the NPSH is beyond the scope of our study.
We examined the NPSH index defined over slightly different averaged areas, including the same area defined by Lu (2001) , and confirmed that differences in the indexes do not critically depend on the area. For example, only one of five composite years differed at its maximum between our index and the index defined by Lu (2001) . Lu (2001 ) used JJA-mean data from 1979 to 1998 and selected 1980 , 1983 , 1987 , 1995 , and 1998 as positive years and 1981 , 1984 , 1985 , 1986 , and 1990 as negative years. The JJA-mean and monthly mean values for each month are quite different for the selected years (Table 1) . Furthermore, there is little correlation of positive and/or negative years for these months (correlation coefficients among the three months are less than 0.2). Thus, the mean field and variability among June, July, and August have different characteristics even in the same year. Therefore, it is necessary to investigate the characteristics of the NPSH for the three months individually, which is the major purpose of our study. That is, we are not concerned here with the variability of the seasonal-mean NPSH.
Figures 6-8 show the composite Z and horizontal winds for positive and negative years for June, July, and August, together with their differences. The composite differences were calculated by subtracting the negative year value from the positive year value. Dark and light shading correspond to significance at the 95% and 90% levels (statistical values of t are 2.306 and 1.860), respectively, as determined using two-sided Student's t-tests. Before describing the characteristics of the NPSH separately for June, July, and August, several common features among the three months should be noted. At 850 hPa (Figs. 6a, c, e, 7a, c, e, 8a, c, e) , the core in the eastern part of the NPSH has a smaller horizontal extent but larger values in positive years than in negative years. In the composite difference of Z at 850 hPa, the anti-cyclonic circulation anomaly appears over the western Pacific in a much wid- Solid and dashed lines illustrate positive and negative values for (e, f). The dark and light shading correspond to significant differences at the 95% and 90% levels, determined using two-tailed Student's t-tests. er area of statistical significance than the area of the NPSH index. The area of this anomaly widens from June to August. The Indian monsoon westerlies are stronger in negative years than in positive years.
In June, the shape of the NPSH in the western Pacific in positive years differs from that in negative years (Figs. 6a, c) . In positive years, the ridge of the NPSH extends southwestward from its core, and there is a steep meridional gradient in Z (hereafter referred to as ∂ ∂ Z/ y, where y is the axis in the meridional direction) around Japan. Indian monsoon westerlies converge with easterlies along the southern part of the NPSH, and strong southerlies are formed over the Philippines. Robust southwesterlies then occur along the northwestern rim of the NPSH. In contrast, in negative years the core of the NPSH extends widely from 130°W
to 160°E, and ∂ ∂ Z/ y around Japan is relatively moderate. The confluence of monsoon westerlies and easterlies along the NPSH is not as strong in negative years as in positive years. The low-level jet over southern Japan is weakest in negative years, at 6 m s -1 , and is shifted southeastward compared to that in positive years (the low-level jet is the maximum wind speed identified in the lower troposphere, around 925-700 hPa; not shown). The composite difference in June clearly shows a positivenegative-positive height wave pattern around the western (~135°E), middle (~175°E), and northeastern (~155°W) Pacific at both 850 and 250 hPa (Figs. 6e, f) . Because we used monthly mean data, this wave pattern reflects quasi-stationary Rossby waves and is regarded as the PJ pattern, as discussed in Section 4.2. In July in positive years, the NPSH extends remarkably westward, and a strong low-level jet is formed around Japan (Fig. 7a) . The shapes of the western part of the NPSH and the characteristics of large-scale circulation (e.g., the confluence between the Indian monsoon and the easterlies of the southern NPSH, southerlies near the Philippines, and the low-level jet) in July in positive years are similar to those in June in both positive and negative years (Figs. 6a, c) . In contrast, the southerlies around the Philippines and the low-level jet around Japan are quite weak in July in negative years ( Fig.  7c) because the eastward retreat of the NPSH causes a small horizontal gradient in Z in the western Pacific. Indian monsoon westerlies rapidly weaken east of the Philippines. The composite difference at 850 hPa also shows a clear wave pattern propagating northeastward from low to midlatitudes (Fig. 7e) . This wave pattern has nearly barotropic structure at high latitudes (Fig. 7f) .
Large-scale circulations in August in positive years ( Fig. 8a ) are similar to those in July in negative years (i.e., the sudden weakening of Indian monsoon westerlies around the Philippines, the southwestward-extending ridge of the NPSH, and weak southwesterly flow over southern Japan). However, NPSH features in August in negative years ( Fig. 8c) are unique among the six composite fields (i.e., positive and negative years of June, July, and August). The monsoon trough protrudes toward 150°E, 20°N, and the ridge of the NPSH extends northwestward from its core to Japan. The southwestern part of the NPSH retreats remarkably eastward, and Indian monsoon westerlies reach the middle Pacific. The composite difference in Z at 850 hPa shows a very wide, strong, and statistically significant positive anomaly from the Bay of Bengal toward the mid-Pacific (Fig. 8e) . There is no clear wave-like structure originating from the Philippines in the lower or upper troposphere (Figs.  8e, f) .
At 250 hPa, the eastern part of the Tibetan high has wider meridional width in negative years than in positive years, which is a common feature among the three months (Figs. 6b, d; 7b, d; 8b, d) . In June, the eastern part of the Tibetan high extends east-northeastward to the south of Japan, with a relatively small meridional width in positive years (Fig. 6b) . In July, the eastern part of the Tibetan high in positive years extends sharply to the east-northeast, whereas it spreads to ~160°E in negative years (Figs. 7b, d ). The subtropical westerly jet around Japan in July is much stronger (up to 12 m s -1 ) in positive years than in negative years in relation to the cyclonic anomaly north of the jet (Fig. 7f) . In August, the Tibetan high protrudes northeastward and covers western Japan in positive years (Fig. 8b) , whereas the eastern part of the Tibetan high extends widely to the southeast and reaches the equatorial mid-Pacific in negative years (Fig. 8d) . Around 180°E, a trough is formed to the east of the Tibetan high and is deeper in positive years than in negative years. In the composite difference at 250 hPa (Fig. 8f) , a significant negative anomaly is located around 145°-170°E, 14°-26°N
, with its center shifted approximately 20° east of that of the positive anomaly at 850 hPa (Fig. 8e) . This negative anomaly may be due to differences in the shape of the eastern Tibetan high and the trough in the mid-Pacific.
We also investigated the composite differences in vertical p-velocity, ω, at 500 hPa from June to August (figures not shown). From June to August, large descent anomalies move from the western to mid-Pacific, and the range of descent anomalies widens; these anomalies are linked to positive Z anomalies at 850 hPa (Figs. 6e, 7e, 8e ) in the Pacific. In other words, descending motion is associated with anti-cyclonic circulation. We also examined the composite differences of divergence fields. With the ascent (descent) anomaly, a convergence (divergence) anomaly is formed in the lower troposphere, and vice versa in the upper troposphere (figure not shown). Figure 9 shows precipitation and SSTs for positive and negative years; their composite differences from June to August are described in Fig. 10 . The dark and light shading in Fig. 10 correspond to differences significant at the 95% and 90% levels, respectively. There are some common features among the three months. The axis of low SSTs to the east of the warm pool is more vigorous in positive years than in negative years (Fig. 9) . Statistically significant negative anomalies of precipitation (Figs. 10a, c, e) are located in the southeastern part of the positive Z anomalies at 850 hPa (Figs. 6e, 7e, 8e) , consistent with the response of offequatorial heat-induced tropical circulation (cf. Gill 1980) . The negative precipitation anomalies shift southeastward from June to August, and the range of the anomaly is widest in August, as are the posi-tive Z anomalies at 850 hPa (Fig. 8e) .
In the composite difference of SSTs, significant positive SST anomalies are distributed around the Bay of Bengal in June, around the low latitudes at 75°-120°E in July, and from the Arabian Sea to the east of the Philippines in August, resulting in a negative zonal gradient in SSTs (hereafter referred to as ∂(SST)/∂x, where x is the axis in the zonal direction) around the warm pool for all three months. There are negative SST anomalies to the east of the positive SST anomalies, but the areas with significance levels greater than 90% (shaded area) are very small or nonexistent. Most of the negative SST anomalies have significance levels of 70-90% for all three months (not shown). In June, the Baiu frontal zone stretches from southern China to Japan in both positive and negative years (Figs. 9a, b) . The position of the Baiu front in negative years shifts slightly southeastward because of the eastward retreat of the NPSH (see Figs. 6a, c) . Maximum precipitation in the Baiu frontal zone is larger in positive years than in negative years. As observed in the zonal wind differences at 850 hPa (Fig. 6e) , the low-level southwesterly jet is stronger in positive years than in negative years. Therefore, larger amounts of water vapor are transported from lower latitudes to the south of Japan by the low-level jet, which intensifies the Baiu front. The composite difference of precipitation shows positive anomalies distributed from the Arabian Sea to the Baiu frontal zone (Fig.  10a) . The boundary between positive and negative anomalies in the Pacific corresponds well to the 1480-m contour line of the climatological NPSH (see Fig. 2a ). The rainfall zone in negative years extends along the 28.5°C SST line in the eastern part of the warm pool. In the mid-latitude Pacific, Z anomalies at 850 hPa and SST anomalies are positively correlated. Wave patterns associated with Rossby wave propagation are observed not only in the Z and precipitation anomalies but also in the SST anomalies.
In July in positive years, the Baiu frontal zone (Fig. 9c) is associated with large-scale circulations similar to those in June (Figs. 6a, c; 7a) . In negative years, there is no clear Baiu frontal zone, but the rainfall zone around 20°N spreads towards the mid-Pacific (Fig. 9d) . Indian monsoon westerlies weaken to the east of the Philippines and converge with easterlies along the southern rim of the NPSH around 150°E, 10°-25°N (Fig. 7c ). The weak lowlevel southwesterly jet along the northwestern rim of the NPSH transports a small amount of water vapor to the south of Japan. Large amounts of water vapor accumulate in the lower latitudes, leading to much precipitation around 20°N. In the composite differences of precipitation (Fig. 10c) , statistically significant positive precipitation anomalies are also located in the Baiu frontal zone. In negative years, precipitation of 6 mm day -1 is distributed roughly along the 29°C SST line from 120°E to 160°E (Fig.  9d) . Warmer SSTs than 29.5°C occur widely to the east of the Philippines, where more precipitation occurs. The composite difference of SSTs (Fig.  10d) shows positive anomalies in the eastern Pacific because of the selection of four El Niño years for positive years of July (Table 1) . A statistically significant large negative SST anomaly spreads from the east of Japan to the mid-Pacific around 35°-45°N and corresponds with the negative anomaly of Z at 850 hPa (Fig. 7e) .
In August, the Baiu-like frontal zone disappears in both positive and negative years (Figs. 9e, f) , and large amounts of precipitation occur in lowerlatitude areas of the western Pacific. The rainfall pattern in negative years differs most from that of the other composite maps. Strong rain bands exceeding 6 mm day -1 extend toward 170°E around 10°-30°N, where Indian monsoon westerlies extend and converge with easterlies along the southern rim of the NPSH (Fig. 8c) . The eastern part of the rain band protrudes northeastward. In the composite difference of precipitation (Fig. 10e) , a significant positive anomaly spreads from 90°E to 120°E around the equator. Strong monsoon westerlies transport water vapor to the east of the warm pool in negative years. In contrast, the relatively weak monsoon westerlies in positive years do not carry large amounts of water vapor to the midPacific (see Figs. 8a, c, e) . Composite differences of water vapor fluxes integrated from the surface to 100 hPa have distributions similar to those of wind (figure not shown). The convergence and divergence of water vapor flux anomalies correspond well to positive and negative anomalies in precipitation (figure not shown). Kawamura et al. (2001) showed that the North Indian Ocean and South China Sea are covered by cool SST anomalies in strong summer monsoon years because of enhanced surface wind speeds and evaporation, whereas warm SST anomalies occur in the warm pool region. They indicated that the east-west gradient of SST anomalies across the Philippines area is important for convection around the warm pool. Ohba and Ueda (2006) conducted experiments using an AGCM to assess the importance of the east-west gradient in SSTs between the North Indian Ocean and the western North Pacific in determining monsoon rainfall over the western North Pacific. They showed that Indian monsoon westerly flow and convection over the warm pool are intensified when cold SST anomalies occur in the northern part of the Indian Ocean and/or when warm SST anomalies occur in the western part of the Pacific. Our composite analysis indicates that convection around the warm pool is suppressed with weak Indian monsoon westerlies when negative ∂(SST)/∂x forms around the warm pool, a finding that agrees with the essence of Ohba and Ueda's (2006) results.
Propagation of Stationary Rossby Waves
Teleconnection patterns associated with stationary Rossby waves influence the summer climate in East Asia. Wakabayashi and Kawamura (2004) extracted four teleconnection patterns possibly linked with anomalous summer climate in Japan by applying empirical orthogonal function (EOF) and regression analyses to stream-function anomalies. Two teleconnection patterns prevail over northern Eurasia. These patterns, linked with the variability of the Okhotsk high, are called the Europe-Japan patterns (EJ1 and EJ2). The third teleconnection pattern, called the West Asia-Japan (WJ) pattern, is a stationary wave-train pattern along the subtropical jet. The fourth teleconnection pattern is the PJ pattern. Wakabayashi and Kawamura (2004) concluded that among these teleconnection patterns, the PJ and WJ patterns have the greatest influence on summer climate in Japan. In the Pacific, the Z anomalies in the lower troposphere are sometimes influenced by those in the upper troposphere (e.g., Enomoto et al. 2003) .
The composite difference field of Z at 850 hPa in June and July clearly shows wave patterns in the Pacific (Figs. 6e, 7e) . In this section, we confirm features of the wave pattern using the wave-activity flux derived by Takaya and Nakamura (2001) for positive and negative years. Wave-activity flux W in zonal and meridional directions is given as:
( 1) where ′ ψ is the stream function in the anomaly field. The radius of the Earth and degrees of longitude and latitude are expressed by a, λ, and φ, respectively. The stream function is calculated from horizontal wind using a spherical harmonic function with 42 wavenumbers. Rotational wind calculated from the climatological stream function is used as u =( , ) u v . To investigate the propagation of Rossby waves, an anomaly is defined as deviation from the climatology: that is, ′ ≡ − ψ ψ ψ ( )/ 2, where ψ and ψ represent the stream function in positive or negative years and that of the climatology, respectively. The total wavenumber of the stationary Rossby wave Ks is estimated as:
where β is the meridional gradient of the Coriolis parameter. Stationary Rossby waves can exist in the area of positive Ks, and the local maximum Ks provides a waveguide for stationary Rossby waves (e.g., Hoskins and Ambrizzi 1993) . Figure 11 shows Z and wave-activity fluxes at 850 hPa in positive and negative years from June to August. Dark and light shading correspond to significance at the 95% and 90% levels, respectively. Wave-activity fluxes are drawn in the range of positive Ks (not shown) and to the north of 20°N
. At 850 hPa in June (Figs. 11a, b) , patterns of the Z anomaly from the low latitudes to extratropics are associated with the fluxes in both positive and negative years. The fluxes elongate along the northwestern part of the climatological NPSH. Much precipitation occurs near the Philippines (Fig. 9) , and the strongest flux divergence in the area of wave passes is located near the Philippines (not shown), implying that the main source of the wave is diabatic heating caused by precipitation near the Philippines. Figure 12 shows the same variables as in Fig. 11 , but at 250 hPa in June. The phase of the wave in the western Pacific tilts northward with height around the Philippines in both positive and negative years. In contrast, the phases of these waves in the middle to eastern Pacific are nearly the same between the lower and upper troposphere. Hoskins and Karoly (1981) proposed that only barotropic components of Rossby waves can propagate from the tropics to the mid-latitudes. These results indicate that the wave pattern observed in the composite difference of Z at 850 hPa is due to stationary Rossby waves and can be considered the PJ pattern. The depression around 180°E and 55°N in June in negative years (Fig. 6c) results from Rossby wave propagation.
The PJ patterns are also clearly observed at 850 hPa in July (Figs. 11c, d ). Stationary Rossby waves propagate northeastward, and a significant large negative (positive) anomaly is formed to the east of Japan in July in positive (negative) years. The opposite phase of Rossby wave patterns results in a significant composite difference of Z (see Fig. 7e ). In contrast, the PJ pattern is not clearly observed in August. Positive Ks are not distributed in the western Pacific around 20°-30°N (not shown, but wave fluxes are not drawn in the area of negative Ks) because background climatological fields are easterly due to the west-northwest-trending ridge of the NPSH (Fig. 2c) . This condition does not allow stationary Rossby waves generated in low latitudes to propagate into the extra-tropics. Kosaka and Nakamura (2006) investigated the structure and dynamics of the PJ pattern. Wave-activity flux pointed poleward only in the lower troposphere, indicating that Rossby wave teleconnection occurs primarily through a low-level southwesterly jet. The phase of the PJ pattern tilted northward with height over the western Pacific. Kosaka and Nakamura (2006) suggested that barotropic-baroclinic mode coupling, which can be operative in vertically sheared meridional flow, could be an essential factor in the tilted vertical structure. They hypothesized that the PJ pattern may be regarded as a dynamical mode that can be effectively excited in the zonally asymmetric baroclinic mean flow associated with the Asian summer monsoon with an efficient self-sustaining mechanism through moist processes.
At 250 hPa in June (Fig. 12) , areas of positive Ks associated with the subtropical westerly jet extend zonally in the mid-latitudes (not shown). Wavelike patterns with eastward-directed wave-activity fluxes are observed around 30°N to 45°N, espe- cially in negative years. These characteristics are consistent with the eastward group velocity of stationary Rossby waves in the westerly background field. In the Pacific, the wave-train phase at 250 hPa is nearly the same as that at 850 hPa (Figs. 11a,  b) . The only wave patterns over the Eurasian continent are in the upper troposphere (not shown); to the east of the continent, wave patterns couple between the upper and lower troposphere, that is, coupling of the PJ pattern and the WJ pattern occurs. However, the wave patterns generally show low statistical significance over continental areas. The WJ patterns are not clearly observed in the Z anomalies in July and August, except in August in negative years (not shown).
Meridional wind data are sometimes used to identify zonally propagating wave-like patterns along the subtropical jet (e.g., Lu et al. 2002) . Sato and Takahashi (2006) investigated statistical features of quasi-stationary Rossby waves on the subtropical jet in August using meridional wind data. They reported that when using Z data instead of meridional wind data, zonally propagating wavelike patterns could not be obtained as the predominant pattern because those patterns appeared in the second mode. Wakabayashi and Kawamura (2004) examined the second mode to focus on the behavior of the wave-train-like teleconnection mode. We also investigated the propagation of stationary Rossby waves along the subtropical jet using meridional wind data. Composite maps for June in positive and negative years and for August in negative years show wave-train-like patterns, although areas of statistical significance are relatively small.
For our composite analysis, we selected composite years following the NPSH index within the range of 125°-150°E, 17°-32°N, at 850 hPa. Therefore, this analysis tended to extract PJ patterns with wave sources located near the index area. In fact, wave structures associated with PJ patterns cover broad areas of statistical significance, even at high latitudes. The area in which Rossby waves pass along the jet at 250 hPa is located closest to the index area in June, shifting northward from June to August because of the seasonal march of the subtropical jet. This condition may possibly be one in which Rossby wave propagation along the subtropical jet is more clearly extracted with statistical significance for June. This index might not be suitable for the statistical study of Rossby wave propagation in the subtropical jet. Wakabayashi and Kawamura (2004) defined separate indexes with different areas and altitudes for the WJ and PJ patterns.
Our analysis confirms that the wave patterns of the Z anomaly at 850 hPa in June and July are due to stationary Rossby waves, and these patterns can be regarded as the PJ pattern. Further, the WJ pattern has much less influence on the shape of the NPSH based on our NPSH index. These confirmations help clarify the distribution of the statistically significant Z anomaly shown in Figs. 6-8.
Submonthly variation in the NPSH
As mentioned in Section 3, the characteristics of the climatological submonthly variability of Z at 850 hPa are similar to those of interannual variability (Figs. 2 and 4) . In this section, we examine the characteristics of submonthly variability in June, July, and August. Figure 13 shows the composite difference of the submonthly variability of Z at 850 hPa from June to August. The dark and light shading correspond to 95% and 90% significance levels, respectively. In June, positive anomalies extend from Japan to the mid-Pacific, whereas negative anomalies occur around the southwestern Pacific. To the southwest of India, statistically significant , and contour intervals are 10 m.
positive anomalies are distributed with positive precipitation anomalies (Fig. 10a) . In July, a similar composite difference pattern is evident, with positive anomalies extending from east to west of Japan and negative anomalies to the south of the positive anomalies. However, the pattern differs in August, when large negative anomalies spread widely over the western Pacific. Similar large-scale characteristics are observed in the composite difference of monthly mean Z at 850 hPa, which has a wide distribution of positive anomalies over the western Pacific (Fig. 8e) .
Unlike synoptic-scale disturbances, the amplitude of the Z anomaly (referred to as ′ Z ) associated with meso-α-scale disturbances in the Baiu frontal zone is small, especially over China (Meiyu frontal zone). Increases in ′ Z 2 are found in the downstream area of the Baiu frontal zone, where baroclinic instability is large. Therefore, to investigate the characteristics of meso-α-scale disturbances in the Baiu frontal zone, the submonthly variability of horizontal winds ( ′ + ′ u v 2 2 ) is used (cf. Ninomiya 2000, Kawatani and Takahashi 2003) . Figure 14 shows ′ + ′ u v 2 2 and Z at 850 hPa in positive and negative years and their composite difference in June. In positive years, large values extend from the Yangtze River to the south of Japan, stretching along the northwestern rim of the westward-extending NPSH. In contrast, in negative years the variability from the Yangtze River to the south of Japan is relatively small. In the composite difference field (Fig. 14c) , significant large positive and negative anomalies occur around Japan and the southwestern Pacific, corresponding quite well to the composite differences in precipitation (Fig. 10a) . These results indicate that Baiu frontal activity, including precipitation and meso-α-scale disturbances, are more vigorous when the NPSH extends westward and larger ∂ ∂ Z/ y is formed around Japan. In July in positive years, a Baiu-like frontal zone extends to the south of Japan (see Fig.  9c ). A similar distribution of submonthly variability corresponding to meso-α-scale disturbance also extends through southern Japan. However, these phenomena are not observed in July in negative years/nor in August (not shown).
Submonthly variability includes disturbances caused by typhoons, especially in the western Pacific. We investigated typhoon activity using typhoon best-track data provided by the RSMC Tokyo-Typhoon Center. These data cover the area from 100°-180°E, 0°-60°N. A typhoon is defined as a tropical cyclone generated between 100° and 180°E in the Northern Hemisphere and having a maximum wind speed greater than 17 m s Only one track developed a strong typhoon that made landfall on the main island of Japan. Consequently, the submonthly variability in southern Japan shown in Figs. 13a and 14 mainly reflects meso-α-scale disturbances in the Baiu frontal zone, not typhoons, in June. We also investigated the distributions of submonthly variability in June separately in each year (10 years: the five positive and five negative years) and consistently found clear variability due to meso-α-scale disturbances in the south of Japan (not shown).
The number of typhoon tracks increases significantly in July. In July in positive years, several strong typhoons traveled along the western part of the NPSH (see Fig. 7a ). We investigated the variability and typhoon tracks in July for each of the five positive years. The distribution of submonthly variability in the south of Japan elongates eastwest in the Baiu frontal zone, which is mainly due to meso-α-scale disturbances in the Baiu frontal zone (not shown). In July in negative years, when the NPSH retreats eastward (Fig. 7c) , strong typhoon tracks are observed from the western to mid-Pacific around 15°-30°N, and the Baiu frontal zone is unclear (Fig. 9d ). These differences create distinct positive-negative anomalies around the western Pacific in composite difference fields of submonthly variability (Fig. 13b) . In August in positive years, a few tracks occur in the mid-Pacific around 25°N, but most strong typhoons travel in the western part of the NPSH (Fig. 8a) . The largest number of typhoon tracks occurs in August in negative years, with many strong typhoons from the western to mid-Pacific. The Baiu frontal zone is not formed clearly (Figs. 9e, f) in either positive or negative years in August, suggesting little contribution by meso-α-scale disturbances associated with the Baiu front to the submonthly variability around Japan. Although all of the typhoons in the real atmosphere could not be fully expressed in ERA-40 data, even with horizontal resolution of 1.125°, the differences in typhoon activity in August between positive and negative years likely contribute to large and widespread negative composite differences in submonthly variability in the western Pacific (Fig. 13c) .
In positive years, most typhoons occur in the western Pacific, but in negative years they occur between the western and mid-Pacific. To the east of ~130°E in June and July and ~155°E in August, SSTs around 10°N are higher in negative years Figure 16 shows scatter plots of the NPSH index and submonthly variability of Z (i.e., ′ Z 2 ) at 850 hPa averaged for the index area (125°-150°E, 17° -32°N) during 1979 to 2001. The clear negative correlations indicate that when the submonthly variability is large in the index area, the NPSH retreats eastward, and vice versa. The correlation coefficients for June, July, and August are -0.66, -0.36, and -0.68, respectively. The regressions are significant at the 99% confidence level in June and August and at the 90% level in July. The examination of the relation between the NPSH index and variability with periods shorter than 10 days also revealed similar negative correlations, although the absolute values of the correlation coefficients were smaller (not shown). The types of submonthly variability that relate to the east-west variation in the NPSH will be investigated in more detail in a future study. The western Pacific shows not only submonthly variability, but also intraseasonal oscillations, which might contribute to the interannual variability of the NPSH at longer mean time fields such as the JJA-mean, which we did not target.
Conclusion and Discussion
Using ERA-40 data from 1979 to 2001 that have high spatial and temporal resolution, we have described the mean state and interannual and submonthly variability of the NPSH individually for June, July, and August. We have also presented characteristics of the westward extension and eastward retreat of the NPSH, including large-scale circulations, Rossby wave propagation, and relatively small-scale disturbances such as meso-α-scale circulations of the Baiu frontal zone and typhoons.
Our investigation of the climatological distribution and its variation indicated quite different characteristics in the western part of the NPSH among the months of June, July, and August. In June, interannual variability stretches along the northwestern rim of the NPSH, and a quasi-stationary precipitation zone called the Baiu front forms at the northwestern rim of the relatively stable NPSH. Interannual variability is large in July, and a climatological precipitation zone occurs inside the climatological NPSH around 20°-30°N. In August, the largest interannual variability is localized around the southwestern rim of the NPSH, and a heavy precipitation zone extends from India to the mid-Pacific along ~20°N. Relatively similar distributions of submonthly variability, extending along the northwestern rim of the climatological NPSH, are evident in June and July. In contrast, an isolated peak occurs around the southwestern part of the NPSH in August. As with interannual variability, submonthly variability in the western Pacific is weakest in June and strongest in August. The NPSH shows clear year-to-year variation in zonal direction in the western Pacific. To investigate the characteristics of the NPSH and surrounding areas during its westward extension and eastward retreat, an NPSH index was defined as the monthly mean anomalies of Z at 850 hPa from the climatology averaged over the western NPSH (125°-150°E, 17°-32°N). We conducted composite analyses based on this index for each month. Years of westward extension (eastward retreat) of the NPSH are referred to as positive (negative) years. Five positive and five negative years were extracted, and composite differences were calculated by subtracting the values for negative years from those for positive years. The results of the composite analyses are summarized as follows:
(1) Common features in the composite difference field for June, July, and August: · The positive anomaly of Z at 850 hPa is located in the western Pacific. The range of the anomaly widens from June to August. · Statistically significant negative anomalies of precipitation are located in the southeastern part of the positive Z anomalies and shift southeastward from June to August. · Negative ∂(SST)/∂x is formed around the warm pool under weak monsoon westerlies; this finding is consistent with previous results (e.g., Kawamura et al. 2001; Ohba and Ueda 2006) .
(2) Common features for June, July, and August in positive and negative years: · The range of the NPSH core in the eastern Pacific is wider in negative years than in positive years. · The Indian monsoon is stronger in negative years than in positive years. · The eastern part of the Tibetan high at 250 hPa has wider meridional width in negative years than in positive years. · The axis of low SSTs to the east of the warm pool is more vigorous in positive years than in negative years. · Most typhoons occur in the western Pacific in positive years, whereas most typhoons occur between the western and mid-Pacific in negative years.
(3) In June and July, Baiu frontal activity including precipitation and meso-α-scale disturbances are larger in positive years, when larger ∂ ∂ Z/ y around Japan is formed and a stronger southwesterly lowlevel jet extends along the northwestern rim of the NPSH, than in negative years.
(4) Relatively similar characteristics of large-scale circulation are found between in June in positive and negative years and in July in positive years, and between in July in negative years and in August in positive years. Among the three study months, the most distinct large-scale circulations are observed in August in negative years.
(5) At the 850-hPa level, stationary Rossby waves propagate from low to higher latitudes along the northwestern part of the NPSH in June and July; this pattern, regarded as the PJ pattern, is unclear in August because of the easterly background field around the Philippines. At 250 hPa, a wave-like train is observed along the subtropical jet from the Eurasian continent to the northeastern Pacific in June. However, in all three months such wave trains generally have low statistical significance over continental areas, possibly because of the definition of the NPSH index area that we used.
(6) The composite difference of submonthly variability of Z at 850 hPa in June and July shows positive anomalies extending around Japan and negative anomalies around the southwestern Pacific. In August, a negative anomaly spreads widely over the western Pacific, with a large-scale horizontal structure similar to that of the positive anomaly of the composite difference of Z at 850 hPa.
(7) When submonthly variability of Z at 850 hPa is large in the index area, the NPSH retreats eastward, and vice versa.
Although the NPSH index is defined by a relatively small area in the western Pacific, the composite analyses revealed several phenomena that have spatial scales larger than the NPSH area. It is difficult to conclude whether the NPSH controls its surroundings or vice versa because of possible interrelations. For example, the interannual variability may be controlled by the TBO because the TBO is a dominant mode of the Indian monsoon (e.g., Tomita and Yasunari 1996) . The physical mechanisms of some of the phenomena described here remain uncertain and require further study. Lu and Dong (2001) used an AGCM to investigate how local SST anomalies over the warm pool influence the zonal displacement of the NPSH for a JJA-mean field. When SSTs were below normal around the warm pool (10-20°N, 110°-160°E), suppressed convection led to lower-level anticyclonic circulation in its northwestern part, resulting in a westward extension of the NPSH. These results are consistent with their composite results based on ECMWF reanalysis data in the lower level, but are not consistent in the upper level. The composite difference of Z between positive and negative years for the reanalysis data showed a roughly barotropic structure over the western Pacific, with a slight poleward tilt with height. However, the baroclinic structure was simulated in their experiment. We found that the Z anomaly in the western Pacific had nearly barotropic structure and tilted poleward with height in June (Fig.  6 ). However, in August, the Z anomaly showed a baroclinic structure, although the center at 250 hPa shifted eastward approximately 20° from that at 850 hPa (Fig. 8) . The structure of the composite difference of Z in August is similar to that in Figs. 9a and b of Lu and Dong (2001) . In the control experiment of Lu and Dong's (2001) simulation, the northwestern part of the simulated NPSH in the JJA-mean field extended further northward, as in August for the real atmosphere.
The correlation between SSTs and precipitation is not simple (Figs. 9 and 10) . Wang et al. (2004) investigated the relationship between local summer rainfall and SST anomalies over regions spanning 5°-30°N, 80°-150°E for September 1996 to August 1998. They found that the observed rainfall anomalies were negatively correlated with SST anomalies, whereas in most AGCMs rainfall anomalies are positively correlated with SST anomalies. We found that the composite difference of SSTs indicated negative ∂(SST)/∂x around the warm pool, with significant negative anomalies of precipitation formed to the east of the significant positive SST anomalies for all three months. Both in situ SST forcing and remote forcing are important to the distribution of precipitation and large-scale circulation (e.g., Ohba and Ueda 2006) . These factors may also make it difficult for AGCMs that ignore atmosphere-ocean interactions to accurately simulate the summer climate of East Asia.
In the western Pacific, both interannual variability and climatological submonthly variability are smallest in June and largest in August. As mentioned in Section 1, an AGCM experiment by Kawatani and Takahashi (2003) simulated largescale circulations and the Baiu frontal zone in June relatively well; however, simulated large-scale circulations in July did not resemble those in the climatology. One possible explanation for the good correspondence between the real atmosphere and model simulation in June is that among the months of June, July, and August the NPSH is most stable and has the smallest interannual and submonthly variability in the western Pacific in June. If this is true, realistic simulations of the climatological distribution and interannual and submonthly variability of the NPSH would be more difficult for July and August, when large interannual and intramonthly variability such as that related to typhoon activity (Fig. 15) occurs. It is difficult to simulate such variability accurately using climate models.
Although a climate model failed to simulate the climatology of the NPSH, it may still be possible for models to simulate the positive or negative conditions of the NPSH and its surroundings. Model results can be compared with the results shown here to clarify which conditions the model tends to simulate. Not only the analysis of the JJA-mean field, but also individual investigations of June, July, and August, including large to small space-time phenomena, are important because there are both similarities and great differences among these three months. More observational data are needed to improve climate models and Asian climate studies. Our results should provide useful information for such research.
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